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VL11 Introduction and Vocabulary
Principles of Design

(i) modularity

(i) separation of concerns
(iii) information hiding and data encapsulation
(iv) abstract data types, object orientation

Software Modelling

(i) views and viewpoints, the 4+1 view

(i) model-driven/-based software engineering

(i) Unified Modelling Language (UML)

VL 12 (iv) modelling structure

a) (simplified) class diagrams
b) (simplified) object diagrams
¢) (simplified) object constraint logic (OCL)

VL 13 (v) modelling behaviour

a) communicating finite automata
b) Uppaal query language
¢) basic state-machines
VL 14 d) an outlook on hierarchical state-machines

Design Patterns
248
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Content

Class Diagrams

—( concrete syntax,

- abstract syntax,

I class diagrams at work,
L semantics: system states.

Object Diagrams
—( concrete syntax,
— dangling references,

- partial vs. complete,
" object diagrams at work.

Proto-OCL
( syntax,

( semantics,
( Proto-OCL vs. OCL.

Putting it All Together:
Proto-OCL vs. Software
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Class Diagrams
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Concrete Syntax: Example
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D

X Int
Cou
f (Int) : Bool
get xX(): Int x : Int
p:Co1

D
X :Int
f (Int) : Bool
get_x() : Int
n D
0:1 X @ Int
: CHL -
plo: get x(): Int

And nothing else! This isthe concrete syntax ofclass diagramsfor the scope of the course

Abstract Syntax: Object System Signature

12 2016-06-20 Sumlsig

Definition. An (Object System) Signatureis a 6-tuple
S =(T;C;V;atr;F; mth)

where

I»uuse:é Df’v

T is a set of (basic)ypes,
C is afinite set ofclas

F is afinite set oftyped behavioural featuresf : Ty;:::;Ta ! T,
mth : C ! 2% maps each class to its set of behavioural features,

Atype canbe abasictype 2 T ,orCo.1,0rC ,whereC 2 C.

Note: Inspired by OCL 2.0 standardMG (2006 ), Annex A.

7148
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Object System Signature Example

Definition. An (Object System) Signatureis a 6-tuple
S =(T;C;V;atr;F;mth)

where

T isasetof (basic)ypes,
C is afinite set ofclasses

V is afinite set oftyped attributes v : T, i.e., eaclv 2 V has typeT,

atr : C! 2Y maps each class to its set of attributes.

F is afinite set oftyped behavioural featuresf : T1;:::;Ta ! T,
mth : C ! 27 maps each class to its set of behavioural features.

Atype can be abasictype 2 T ,orCo;1,0rC ,whereC 2 C.

/3’

So =(fInt;Boolg;
fc;:pg— /\/
fx:Int;B:Co;l;n:Cg; i
fC 7'f p;ng; D 7'fp'xgg'/
c RIGC TP F
ff :Iint ! Bool;get x :Intg;
| R L)

I .. ' -
fe7i;R 7t e get xgg)
wtl,

i 948
From Abstract to Concrete Syntax
n D
) 0:1 A x:Int
II C _| P " li((ln?) : Bool
PIO::l ]" get x() : Int
| S =(T;C;V;atr;F; mth)
T = { L&, BlS,
C:{C’,—Dg‘ “';E/"'ln—ﬂ-’j L2 0
V:{;C*La,f, ?:C{oﬂ, dei, mi =T o us0
w:T l‘/ n=o alo ok
atr = { C""’ {PIV‘Z, :DH{”IP]il
F = § ‘F,‘ [u‘é%&oﬂ(, 3‘/’*—7(.‘ I"“ésl
. min={Crg Doff geh-x}S
g m#‘z’dj"a‘
g wth (@) <£ 1, t-xj
“ 1048



Once Again: Concrete vs. Abstract Syntax
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D

X Int

f(Int) : Bool
get x() : Int

D

X o Int
f(Int) : Bool
get x() : Int

D
C x:Int
n:C p:Co1
p:Co1 f(Int) : Bool
get_x(): Int x : Int

p: Coa

So =(fInt;Boolg;

fC;Dg;
fx:Int;p:Co1;n:C g;

fC 7!f p;ng;D 7! f p;xgg;
ff :Int ! Bool;get x :Intg;

fC 7!, ;D 7' f f; get_xgg)

n D
[ c 0:1 x & Int
P f(Int) : Bool
prosL get x(): Int
n D
“ 0:1 x:Int
P f (Int) : Bool
get x() : Int

x o Int

p:Cox

f(Int) : Bool
get_x() : Int x : Int
p:Co1

Class Diagrams at Work

1ks

1248



Visualisation of Implementation
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The class diagram syntax can be used tosualise code

provide rules which map (parts of) the code to class diagram elements.

’ package pac; package pac;
3| import pac.D; Z f .
) 3| import pac.C;
f 4
; public { 5| public _€lass D){
. X 6]
; public D n; private
. . N 8
9) public void print_nx { S
10| System. out. printf ( 12 pu{blrlztulrnl E_Et*;f()
1 "%i\n", n.get_x() )\ }; 1 Y
1. .
i public cO) {1 1 public DO {};
14} *
pac
C D /|
n [ xiint &&=
print_nx(); 0:1 | get_x():int ;
C0); D();

Visualisation of Implementation: (Useless) Example

12 2016-06-20 Scdatwork

open favourite IDE,
open favourite project,

press generate class diagram

wait. . wait. . wait...

i 1 [ [ [0

[ NET

ca. 35 classes,
ca. 5,000 LOC C#

1348
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Visualisation of Implementation: (Useful) Example

Scdatwork
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Player
colour

Render

score |1
direction Gameplay
speed

update notify

OpenGL?|
aalib?
head
Segment

5 Engine
XY areawidth
‘ Al? é%igulr o: areaheight
: world

Note: a clasgdiagram for visualisation may be partial.
I show only the most relevant classes and attributes (for the given purgose).

Note: a signature can be defined by set of class diagrams.

I use multiple class diagrams witka manageablenumber of classes for different purposes.

A diagram isa good diagramif (and only if?) it serves iturpose!

Literature Recommendation

Scdatwork

12 2016-06-20

(Ambler, 2005 )

1548
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A More Abstract Class Diagram Semantics

1728

Object System Structure

12 2016-06-20 Sumlstruc

Definition. A Object SystemStructure of signature
S =(T;C;V;atr;F; mth)
is aw which assigns to each type a domain, i.e.
2 T is mapped tow,
C 2 C is mapped to an infinite setD (C) of (object) identities.
object identities of different classes are disjoint, i.e.

8C;b2cC:C6D! D(C)\ D(D)=;,
on object identities, (only) comparision for equality= is defined.

C andCq:; for C 2 C are mapped to2P (€)

S
We useD (C) todenote ., . D(C);analogouslyD (C ).

Note: We identify objects and object identities,
because both uniquely determine each other (cf. OCL 2.0 standa.
1848



Basic Object System Structure Example

Wanted: a structure for signature
FHowes Y7 oy y
So=(fInt;Boolg;fC;Dg;fx:Int;p:Cp1;n:C g;fC 7! f p;ng; D 7! f p; xgg;

ff :Int ! Bool;get x:Intg;fC 7!; ;D 7!ff; get xgg)

A structureD maps
2 T tosomeD( ),C 2 C to someidentities D (C) (infinite, pairwise disjoint),

C andCop:1 forC 2 Cto D(Cop:1)= D(C )=2P(C),

D(Fow) = § e, deisy, (14 §

D(Int) = Z‘
p(c) = N*x fcf={1c, 2.3, )
2 D(D) = N+)( {7)3 = €1b’23o3-b/"-s
: D(Co1)=D(C) = Z:D(d)
D - _ D)
(Dg1)=D(MD) = 2
:} 1948
System State .

12 2016-06-20 Sumlstruc

Definition. LetD be a structdre ofS = (T ;C; V;atr ;F; mth).
Asystem stateof S wrt. D ig atype-consistent mapping

. —
o D)9 (VO B D)) S —wehe

That s, foreachu 2 D(C),C 2 C,ifu 2 dom( )

dom( (u)) = atr(C)
(w(v)2D( )ifv: ; 2T
(u(v) 2 D(D )ifv:Dgjorv:D withD 2 C

We callu 2 D(C) alivein ifand onlyif u 2 dom( ).

We use 2 todenote the set of all system states ofS wrt. D .

20148



System State Examples

Howes y: Flowy 4
So=(fInt;Boolg;fC;Dg;fx :Int;p:Co:1;n:C g;fC 7!f p;ng;D 7! f p;xgg;
ff :Int | Bool;get x:Intg;fC 7!; ;D 7!f f; get_xgg)

D(Int)= Z; D(C)= flc;2c;3¢c;:9; D(D)=f1lp;2p;3p;:ig

DE Honee) = { vove, Lz, Ly}
A system state is a partial function : D(C) 9 (V 9 (D(T )[ D(C ))) suchthat
dom( (u)) = atr (C), (u(v)y2D( )ifv:; 2T,
(u)(v) 2 D(C )ifv:D orv:Dg1withD 2 C.

/8

5= {1 o {ynise, P £54, nm &3,
sc Bignly, ppd, v 45,

by b 180 &, p P E5 j

o,

12 2016-06-20 Sumlstruc
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Content

Class Diagrams

—( concrete syntax,
- abstract syntax,
- class diagrams at work,

- semantics: system states.
Z Object Diagrams

- concrete syntax,

— dangling references,

— partial vs. complete,

" object diagrams at work.

Proto-OCL
—  syntax,

—( semantics,
. Proto-OCL vs. OCL.

Putting it All Together:
Proto-OCL vs. Software
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Object Diagrams

Object Diagrams

12 2016-06-20 Sod

2318

So=(fInt;Boolg;fC;Dg;fx :Int;p:Co;1;n:C g;fC 7!f p;ng;D 7! f p;xgg;

ff :int !

Bool;get_x : Intg;fC 7!; ;D 7! f f; get_xgg);

D(Int) = Z

=flc 7'fp7; ;n7'f5c0005c 7'fp7;;n79;1p 7"fp7'f5cqg;x 7! 2399
— —)

We may represent

graphically as follows:

I T
1c : C 5¢c : C 1 .D
p=; p= p=
n :525 n= x =23
This is anobject diagram.
Alternative notation:
ic:C n 5 :C P )
p= E; . x =23

p [Ic:C n 5c . C P 1, : D
Pt [ —1 I x=23
p n

Concrete Syntax

r——1 r————, | _ mandatory
. __Lrid i class T
optional— [
|
ey ——
1=y dy
LT J compartment
R 7 optional
"V 1= dy
[BESLRE N P
==
ro— .
- ~optional

PP B |
| id 1 class

2418




Special Case: Dangling Reference

12 2016-06-20 Sod

Definition.
Let 2 2 beasystem state andu 2 dom( ) an alive object of classC in

We sayr 2 atr (C) is a dangling reference inuifand only ifr : Co.1 orr : C and
u refers to anon-alive object viav, i.e.

(u)(r) 6 dom( ):

) v

Example: 0 57’/0
=fle 7fp7!;in7'f5cggglo 7!fp7!f 5cgix 7! 2399 S &dov (o)

Object diagram representation:

[iC] n [&C| P [HD]
o= T x T x=23]

2548

Partial vs. Complete Object Diagrams

12 2016-06-20 Sod

By now we discussed object diagram represents system state:

flc 7'f p7'; ;n 7' f 5c9g; 5 C _
5c THEpTinThg; LiCln 5 P LD
1p 7'f p7!f 5cg;x 7! 2399 P n=
What about the other way round...?
Object diagramscan bepartial, e.g.
1lc :C n ‘SC:C‘ ] ‘1D:D‘ . 4 .
or 1c:C 5c:C 1, :D
\ \ \ | [x=23] ‘—‘ ‘—‘ ‘—‘

I we may omit information.

Is the following object diagrampartial or complete? (wrZ 3:‘/&4 &'3‘46‘7"4/8 f)

Lc] n |[=C P [1:D]
= | h

If an object diagram

has values forall attributes of all objects in the diagram, and
if we say thatit is meant to be complete

then we canuniquely reconstruct a system state . 2618



Special Case: Anonymous Objects

12 2016-06-20 Sod

12 2016-06-20 main

v

If the object diagram /"

c:Cc| n :
p=;

p :D
. x =23

p
n

non |O

is considered azomplete, then it denotes the set of all system states
fa 7' fp7; ;n7'fcgggc 7' fp7!; ;n7;g;d7 fp7!'fcg;x 7' 2399

where c2D(C), d2D(D), c61lc.

Intuition : different boxes represent different objects.

27148

Object Diagrams at Work

2848



Example: Data Structur@cnumann et ai2009
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BaseNode

parent : BaseNode
prevSibling : BaseNode

Iterator

node

nextSibling : BaseNode
firstChild : BaseNode
lastChild : BaseNode

operator++ () : Iterator
operator () : Iterator
operator () : BaseNodg1

begin_it ‘ ’ end_it

Forest

Node

data:T
Node( data :T)

appendTopLevel( dataT )
appendChild( parent : Iterator, dataT )
remove( it: Iterator )

depth(it: Iterator ) :int

end() : Iterator

begin() : Iterator

empty() :bool

size() int

Example: lllustrative Object Diagramachumann et aiz009

12 2016-06-20 Sodatwork

begin_it d_it
: Iterator on- : Forest end! : Iterator
[
node node
nextSib nextSib
| E: Node | | end : BaseNode
prevSib ‘ ‘ prevSib

parent firstChild

firstChild parent
nextSib

prevSib
lastChild

parent | | \rstchild

BaseNode
parent : BaseNode Trerator
prevSibling : BaseNode
nextSibling : BaseNode
firstChild : BaseNode
lastChild : BaseNode

.,eg.n,u‘ ‘ andi
Forest
Node

data T ‘appendTopLevell datal )

Node( data :T) appendChild( parent: Iterator, dataT )
remove( it: lterator )

depth(it: lterator ) fint

end(): lterator

begin() : Iterator

empty() :bool

size() int

node

operator++ () : Iterator
operator () : lterator
operator () : BaseNodg

parent]
lastChild firstChild

F : Node

2948
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Object Diagrams for Analysis
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T
M :N

=27 data =d;

Content

—(
—(

—

I~

{

{
{

Class Diagrams

concrete syntax,

abstract syntax,

class diagrams at work,
semantics: system states.

Object Diagrams

concrete syntax,
dangling references,
partial vs. complete,
object diagrams at work.

Proto-OCL
syntax,

semantics,
Proto-OCL vs. OCL.

Putting it All Together:
Proto-OCL vs. Software

N N
data =d3 data =d4
dadte: .D “
%

3lss
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Towards Object Constraint Logic (OCL)
— “Proto-OCL" —

Constraints on System States

12 2016-06-20 Socl

Example: for all C-instances,x should never have the valueg7.

8c 2 allinstancesc

x(c) 6 27

X :Int

3348
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Constraints on System States

12 2016-06-20 Socl

X :Int

Example: for all C-instances,x should never have the valueg7.
8c 2 allinstancesc x(c) 6 27
Proto-OCL Syntaxwrt. signature(T ; C; V;atr ; F; mth), cis alogical variable,C 2 C:

F:= ¢ ¢

j allinstancesc :2¢ , cel

i Vv(F) S ifv: 2atr(C), zeJ~
i Vv(F) tc! b if v:Do:1 2 atr (C)

i Vv(F) ol 20, ifv:D 2 atr(C)

i f(FiiFa) 1 R § S n !

j 8Cc2F1 F2 e 2¢ B, ! B»

3448

Constraints on System States

12 2016-06-20 Socl

X :Int

Example: for all C-instances,x should never have the valueg7.
8c 2 allinstancesc x(c) 6 27
Proto-OCL Syntaxwrt. signature(T ; C; V;atr ; F; mth), cis alogical variable,C 2 C:

F:= ¢ e

j allinstancesc :2¢ , cel

i v(F) el ifv: 2atr(C), zeJ~
i Vv(F) tc! b ifv:Do:1 2 atr (C)
i Vv(F) ol 20, ifv:D 2 atr(C)

j f(FyiinFa) 0oa n! o iff: 1 n! Ge)

Vaa
The formula above inprefix normal form: 8¢ 2 alllnstancesc 6 ( x(c); 27) )
— o
% ™

3448



Semantics digrel o D)+ (V4 )

vimov

0 Socl

12 2016-06-2C

Proto-OCL Types;

1JcK=D(C)[f?g , 1J>K=D()[f?2g , 1J2cK=D(C)[f2g
1B, K= ftrue falseg [f?7g , 132, K= Z [f?g
Functions:

We assumef | given for each function symbolf (! inaminute).

Proto-OCL Semantics(interpretation function):

1JeK; )= (c) (assuming is atype-consistent valuation of the logical variables),

| Jallinstances c K(; ) =dom( )\ D(C), e, ,c J':ch(d,ﬁ)

€ ale w 6
. C v= 40
L MEIK: )= (u9(v) LiflJFK; )= fu’g dom( ) (it : Co)

? , otherwise
VI (Fe; i Fa)KG )= i (FIRLKG; )5 T IRRKG ),

8
2true L ifl JFoK(; [

138c2F1 F2K; )= _false ,ifl FoK(; [c
) , otherwise

u]) = trueforallu 21 JF1K; )
u]) = falseforsomeu 21 JF1K; )

3518

Semantics Cont'd
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Proto-OCL is athree-valued logic: a formula evaluates tdrue, false or? .

Example:®, (; ) : ftruefalse ?g f trugfalse ?g!f true false ?g is defined as follows:

X1 true | true | true | false | false | false ? ? ?
X2 true | false | ? true | false ? true | false | ?
Np(XeXx2) true | false ? false | false | false ? false | ?

We assume common logical connectives ;*; _;::: with canonical 3-valued interpretation.

Examplee+, (;):(Z2 4?9 ) (Z [f?g )! Z [4?g

X1+ X2 ,ifxy 6 ? andx, 6 ?

+ ; =
1 (xaixz) ? , otherwise

We assume common arithmetic operations ;=; ;:::
and relation symbols>; <;  ;::: with monotone 3-valued interpretation.

And we assume the special unary function symbasUnde ned :

true ,ifx=7?;

isUnde ned | (x) =
1 () false , otherwise

isUnde ned | isdefinite: it never yields? .
I 36148



Example: Evaluate Formula for System State
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[ 1c:C ] C
. X—=13 f X :Int

F =8c2 allinstancesc  x(c) 6 27
Recallprefix notation: 8 ¢ 2 alllnstancesc 6=( x(c); 27)
Note: 6 is a binary function symbol 27 is a0-ary function symbol.

Example:
I J8c 2 allinstancesc 6=( x(c); 27)K ; ;) = true because...
I B(x(C): 2K ), = i[ci=1c]=1fc7 lcg
=6 (1 XK ) 127K )
=6, ( (1K ))(x): 27 )
=6:( ( (9)x):270)
=6 ( (1c)(x);2n)

=6, (13; 27) = true ...andl¢ isthe only C-objectin :1 Jallinstances ¢ K ; ;)= ficg.

37148

More Interesting Example
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; n C
: chz 12 J X Int N
0:1
e Jésémgr(
8c® x(n(c) 627

e — |

% (3¢ (), 2%)
Similar to the previous slide, we need the value of /5 = ch 1 {

( (e ))n))(x)
. @(c)"{c— \

(1)) =7

—
=1

L

3848



More Interesting Example

12 2016-06-20 Socl

: % ! j x:IntC I|
¢ blshrses, "
8c ™ x(n(c)) 627
Similar to the previous slide, we need the value of
( (1JeK; ))(n))(x)
1K )= (9=1c¢

(1JeK; ))n)= (1c)(n)=;

( (FdeK; ))n))(x)=?
by the following rule:

¢ :
| VE)K: ) = ?(UO)(V) :Ztlhi':vgs;e )= fu% dom( ) (ifv : Co1)

Object Constraint Language (OCL)

12 2016-06-20 Socl

OCL isthe same just with less readable (?) syntax.

Literature: OMG, 2006 ; Warmer and Kleppg 1999).

3848
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Exam p|e$from lecture “Softwaretechnik 2008")
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TeamMember

2
name : String

meetings

Meeting

Location

age : Integer participants

title : String

* numParticipants : Integer

start : Date
duration: Time

name : String

move(newStart : Date)

matik.uni-fréburg.de/teaching/swi/2008/

@ context  Meeting
o inv: self.participants->size() =

feif. numParticipants
@ context  Location

e inv: name="Lobby" implies
meeting->isEmpty()

g.inforr

proglas

Prof. Dr. P. Thiemann, htty

W sof € ey ® sise (puchecipnals (el ) = wambetcspa’s Gif)

\V/ﬂée dj[[t&t% [ °

Where To Put OCL Constraints?

12 2016-06-20 Socl

Notes: A UMLnote is a diagram element of the form

ek Gc{(} = lébééj ‘
> isCuypty (hachis (et )]

r——=—n
Ltext I

_———a

text can principally be

Sometimes, content isexplicitly classified for clarity:

Conventions:

L

-
-
P

stands for

, in particularcomments and constraints.

OCL:
F

8self 2 allinstancesc F lﬁ

40/48
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Class Diagrams

- concrete syntax,

— abstract syntax,

I class diagrams at work,
L semantics: system states.

Object Diagrams

- concrete syntax,

— dangling references,

- partial vs. complete,

“ object diagrams at work.

Proto-OCL

( syntax,
( semantics,

‘D ( Proto-OCL vs. OCL.
Putting it All Together:

Proto-OCL vs. Software
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Putting It All Together
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Modelling Structure with Class Diagrams

12 2016-06-20 Salltogether

Definition. Software is a finite descriptionS of a (possibly infinite) setJSKof
(finite or infinite) computation pathsoftheform ! * ;!'? ,  where
i 2 ,i2 Ny, is calledstate (or configuration), and

i 2 A,i 2 No, is calledaction (or event).

The (possibly partial) functiod K: S 7! JSKis calledinterpretation of S.

The set ofstates  could be the set of system statesas defined by a class diagram, e.g.

C
= g S xm

A correspondingcomputation path of a software S could be

[2%c:C|
[x=0]

|27c:C‘
0 [ x=1]

‘27c:C'
1 [ x=3]

‘27c:C'
3 [ x

=
/4

F = 8c2 allinstancesc x(c) < 4

If a requirement is formalised by the Proto-OCL constraint

then S does not satisfy the requirement.
4448

More General: Software vs. Proto-OCL

LetS be anobject system signatureand D astructure.

Let S be asoftware with

states 2 and

computation paths JSK

LetF be a Proto-OCL constraint overS .
We sayJSKsatisfiesF , denoted by JSSK F, if and only if for all
d P 4, 23sK

andalli 2 Ng,
I JFK i;;)= true

We sayJSKdoes not satisfy F, denoted by JSK6j F, if and only if there exists
d ' o % , 2 JISKandi2 Ny, suchthatl JFK ;;;) = false

Note:: (JSK6j F) does notimply JSSKE F.

12 2016-06-20 Salltogether

45148



Tell Them What You've Told Them...
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Class Diagramscan be used tographically
visualise code, .
define anobject system %E S.

3.
An Object System SIEE&I2 S (together with a structureD)

defines a set ofsystem states 2 .

ASystem State 2 2

can bevisualisedby an object diagram.

Proto-OCL constraints can be evaluated orsystem states

Asoftware over 2 satisfies a Proto-OCL constrainE if and only
if F evaluates totruein all system states of all the software's com-

putation paths.

References
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